Abstract -The article presents the research covering the long-term period of scientific and practical search for determining the most optimal confuser design for a wind power plant with a vertical rotation axis operating in the climate zones of small wind pressure. In the course of the work, tower-type installations with free blades in the body of the concentrator, hexagonal conical geometry with internal flow guide planes and a smooth-conical design with spiral chambers having a bounding bottom plane in the form of a spiral tray were presented. Analytical studies of the proposed installations are carried out, the dynamics of improving the system efficiency is estimated. Recommendations are given for the further development of scientific search within the framework of optimizing the initial design and the conditions for its operation. As a result of scientific and practical search, presented by mathematical modeling and laboratory tests, optimal geometries of wind flow concentrators with maximum acceleration coefficients were determined.
I. INTRODUCTION
More and more attention is given to the issue of energy saving, "smart house" systems [1] and alternative energy sources in modern realities [2] . The options for reducing energy consumption, the transition to an autonomous system of heat and power supply and process automation are currently one of the main scientific research directions [3] .
Due to the Russian climatic characteristics, the choice, design and placement of alternative power sources -solar energy converters and wind power plants (WPP), should be done specifically for each application after the feasibility study.
According to long-term statistical data, the wind velocity of almost all Central Russia does not exceed 5 m/s, therefore, the majority of wind turbines with nominal operation mode from 8 till 12 mps will not be able to produce the power declared by a manufacturer.
Given [4] , the resulting power of a wind power plant is proportional to the velocity cubed, it follows that it is necessary to increase the airflow acceleration to improve the efficiency of electricity generation in the wind power industry.
Using airflow accelerators is one of the best methods to solve this problem [5] .
An accelerator is installed on the travel of airflow from free (wind) area to working zone of a wind power plant wind wheel and is presented as confuser or diffuser structures.
The Venturi effect, based on the Bernoulli law, is fundamental for the functional concept of all concentrators. It consists in increasing the velocity and pressure drop when the gas flow passes through the narrowed part of a pipe [6] . Thus, the mechanism of obtaining the pressure difference is the main.
One of the first types of accelerators were horizontal rotation axis installations, mounted on masts .The work on them began only in the 70-ies of the last century, despite the rather earlier development of various designs [7] .
Accelerators served as devices to improve their performance, but there was an obvious drawback. In most cases, such structures had sufficiently large size and required additional fixation. Even tower wind turbines [8] with the use of several wind turbines in one design or multi-deck multibladed designs were also large-scale.
As a result, most of these options remained at the level of development without finding a wide application.
The design idea also touched upon the option of pneumatic transmission of wind power [9] on combined hydro- [10] , solar [11] and horizontal-axial wind turbines.
Of all structures with a horizontal rotation axis, only the basic types of these plants [12] are the most widespread and used.
In the early 80-ies developing vertical-axial wind turbines with a constant increase in the range of their power began.
Their distinctive feature in relation to the horizontal-axial installations were two factors: the start-up at low wind flow velocities, the lack of wind orientation, which was important for using wind turbines in regions with low airflow velocity.
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For optimizing vertical-axis systems the work also began on the development of airflow acceleration options: additional spinning and sealing airflow (using wind energy concentrators [13] , tower-type installations [14] ) and the creation of modular designs).
Due to the lower power generation factor, combined vertical-axial units received slightly less attention than horizontal rotation axis ones. However, in developing new options, installations were created for placing wind turbines on building roofs.
The possible causes for the refusal of using widely the above-mentioned wind power plant were: sufficiently large dimensions that affected the final cost of materials, the presence of uncontrolled vibration and noise that exceeded the permissible standards for humans and animals, as well as the discrepancy between the declared characteristics of real design or stopping the development at the designing stage for various reasons.
The development of new technical solutions, using modern means of additional structural-dynamic analysis not requiring the creation of complex devices and physical models at the designing stage, however, allowing to evaluate these new solutions with the corresponding improvement of the energy parameters, gives the opportunity today to continue effective work towards the development of optimal wind turbine designs with a vertical rotation axis.
II. TASK SETTING According to the results of evaluating new technical solutions in the case of designing one of wind turbine types with a vertical rotation axis with a flow accelerator, as well as carrying out long-term design-theoretical and realistic experimental studies [15] , it is possible to trace the clear sequence of finding an optimal design, dividing them into stages: -improving the value of efficiency (acceleration of the airflow by 100-150% instead of analog 20-40%).
Since many vortex installations have a complex shape of air channels and a non-standard structural design in general, the solution of some problems is quite difficult. All this can lead to sophisticating operations and increasing the installation cost.
For the optimal solving the question of reliability and satisfaction of a strength wind turbine factor, it is best to use a conical pipe oriented by a small outlet to the top as a concentrator. And inside the pipe air channels will be formed by dividing the space by baffles, twisted in a spatial logarithmic spiral when moving along the pipe (around its axis).
In this case, the inner surface of the cone-pipe can have spiral guides, or the outer wall of the pipe itself must be in the form of a two-dimensional logarithmic spiral. And the resulting design resembles a little an improved Schauberg pipe (double spiral) [16] , the production of which is very difficult technologically and is most likely not cheap.
In the area of taking wind power, it is advisable to use the low-speed aerodynamics technology to achieve the best efficiency of the system. The final stage of designing an accelerator is the work on the area of merging the oulet and the ram atmospheric flow, which is also a quite challenging task.
On the basis of this assumption, it seems reasonable enough to conduct the study of the entire parameter range. Dividing this spectrum into stages will give an opportunity to get a clear picture of the effectiveness of the individual node improvement up to the task achievement.
III. THEORY In the first work stage, the question arose about the necessity of constant wind intake orientation and the stabilization of airflow magnitude depending both on natural and anthropogenic factors, and the process of its separation or blocking. This type of air mass movement influences on the flow acceleration/deceleration inside the confuser. There is an effect of losing a sufficient amount of useful kinetic energy, part of which can be transferred to the generator wind wheel when using a windmill (freely rotating blades).
To implement the calculation of the proposed design dynamics (Fig. 1 ) the computer simulation capacity was used in the ANSYS program environment (Fig. 2) :
XII International scientific and technical conference "Dynamics of Systems, Mechanisms and Machines" (Dynamics)
13-15 November 2018, Omsk, Russia The design of the installation is represented by a cone located on three vertically standing edges (they are also flow guides) in the form of a three-pointed star.
Inlet airflow moving at a speed of 1.5-2.5 mps., altering its direction, travels along the edge plane and meets a pyramidal rise. Then it rises up and, facing with freely rotating blades, makes them rotate. Blades, in their turn, create the suction force in weakening the airflow. Along the entire path inside the cone, the flow is accelerated by narrowing the channel and comes into interaction with an upper wind wheel connected by a shaft to a generator at the base.
In studying analytically the models of one -, two-and threedeck systems (example in Fig. 3a) of a virtual mathematical model the maximum velocity increase value was 35% at the installation outlet without freely rotating blades and 32% if they are available. The effect of airflow stabilization was observed (Fig. 3b) . Realistic experimental experiments in the open air (Fig. 4) confirmed the theoretical studies validity, the acceleration value results of which changed by 1-5% at the average. According to the experimental study, it is possible to confirm the proper use of concentrators as airflow accelerators to relatively small values (up to 30-40%) with the possibility of the constant wind intake orientation. And when using the wind wheel system in their design, it is possible to achieve the velocity working flow reduction to a certain level to get the best generator node interaction.
Stage II
Achieving simplicity in assembling the installation framework, which has acquired some form, (Fig. 5) and increasing the system reliability have required using unified straight elements. The obtained design, along with the positive trend of establishing airflow direction, has received a negative property of discontinuity and the vortex areas appearance inside the confuser. Due to the optimum arrangement of an additional rounded rear wall and the installation of two auxiliary channels with guides (visors) 10 cm high we managed to suppress partially a negative effect.
After the mathematical analysis in the ANSYS software, various designs of wind flow concentrators were simulated. The theoretical acceleration value was 156% being increased by 121% at least. However, the absence of freely rotating blades in the design limited the confuser range at low wind speeds.
It was found that the flow was distributed more densely towards the outer concentrator wall at the confuser exit. This needed installing an optimal geometry wind wheel.
The resulting design, along with the acceleration value increase of airflow (vs. the previous model) has become more environmentally safe due to the rotation element location in the confuser housing.
In experimenting under laboratory conditions, the value of the maximum airflow acceleration was 147%, while in the open air it has achieved no more than 143%.
Stage III
The reduction of wind turbine dimensions has lead to the abandonment of sufficient long wind guides which having moved into the body of the confuser cone have been a spiral walls, coilling as a logarithmic spiral, thereby forming divided chambers [17] . This construction geometry has given the possibility to improve the airflow aerodynamics inside the concentrator, avoiding sharp corners of surfaces, preventing the formation of swirls, mixing and airflow pulsation. There is a need to evaluate the efficiency of the airflow acceleration due to design features, namely: the number of used confuser blades and their length (depending on the value of the base unit radius of the logarithmic spiral (Fig. 6) .
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13-15 November 2018, Omsk, Russia Nine models (3 types according to the number of blades -3 pcs , 5 pcs and 7 pcs; three types according to the value of the base unit radius of the logarithmic spiral -length of unit radius is 1.3; 0,65; and 0,325 m; table 1) were calculated.
In designing, it became necessary to form a dense swirling laminar flow in the channel and to increase the efficiency of the confuser the possibility of its smooth entry into the confuser arose. For this purpose, adding bridges into the channel of one of the most optimal designs among all analyzed models -No. 4 ( Fig. 7 ) was observed. The work on improving strength properties were carried out, the analysis of the installation top is made for simplifying the installation and increasing the rigidity. As a result of using the simulation analysis by the ANSYS CFX program, models were built, the optimal geometry with maximum efficiency for three-, five-and seven-bladed structures was chosen.
The best geometry applied as a flow accelerator for wind turbines with a vertical rotation axis is determined a five-blade design with bridge No. 2 -model No. 4 ( Fig. 7 and Fig. 8 ). 
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The obtained velocity increase achieved up to 236% in mathematical analysis. And then experiments were conducted on realistic models in the laboratory. In the early stages material-intensive models No. 3 and No. 6, and No. 9 ( Fig. 9) were rejected since they also possessed an overlong channel in which the flow met maximum deceleration. And in further tests the models No. 1 and No. 8 showed a lower operational efficiency relative to model No. 4 (Fig. 10) . The obtained data are presented in Table 1 . As a result, it was determined that the smooth flow inlet is achieved using a spiral channel. To improve the density and conservation of the laminar flow, the presence of a spiral guide tool (of the additional plane S3) in the channel body was reasoned.
The increase in rotation wind wheel velocity by 5%-7% is possible in the case of the flow outlet from the plane S1 (Fig.  5) at an angle, which creates an additional positive effect.
It was also found that the optimal rotation angle of the inlet (wind intake) and outlet planes of the confuser (the transition area to the operating wind wheel of the wind WPP) varies in the range of 100°-120°, while the outlet plane S3 has a complex shape. This enhances manufacturing cost and installation operation and also increases the flow velocity at the outlet from S 1 by 15%. 61 -*is not considered because the coefficient is close to "0.5", **is not considered because the coefficient is close to "1" *** the result is for the bridge design No. 2 ( Fig. 7) Stage IV At the fourth stage of designing and experimenting, it is necessary to develop a prototype with additional designs that will simultaneously facilitate maintenance and increase the wind turbine efficiency (airflow acceleration by 100-150% instead of analog 20-40% ).
It is required to explore carefully the hypothesis of construction of the internal flow-forming (additional guides) and the outlet geometric modules of wind power plants which installation will improve the coefficient of the airflow acceleration due to the ejection effect, which elements can be:
-pressure bowls at the outlet; -ejector chambers; -elements of depressing chambers; -using a multi-stage wind wheel system; -using related associated effects on the starting wind wheel basis (Shukhov, Savonius); -adjusting rotation angles of wind wheel chamber guides depending on the internal flow velocity..
IV. EXPERIMENT RESULTS
Based on the research conducted it is possible to present a summary table that shows the values of acceleration coefficient changes in research and practice (Table 2) . Summing up the scientific work, the following conclusions are drawn:
1. Using wind turbines with a vertical rotation axis has a number of advantages (increased efficiency, less maintenance complexity, environmental friendliness) in comparison with the traditional horizontal construction of a power take-off shaft.
2. Installations with vertical axis require more careful consideration of static unit constructions before designing the power system.
3. The possibility of influencing on poorly studied parameters, and as a consequence, the characteristics of wind turbines with a vertical rotation axis, operating in the areas of low wind velocities in using new solutions of modern technologies, without creating expensive and complex physical models are f the utmost interest.
4. In the light of the latest trends in science and technology, it is necessary to analyze the individual units of energy system optimization available on the market at each stage of designing and constructing.
5. For the greatest approximation to the operating conditions it is essential to conduct field experimental researches along with laboratory ones.
VI. CONCLUSION
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On the basis of the experimental data found [17] , it seems necessary to conduct subsequent design, development and realistic measurement studies aimed at obtaining the stated values of airflow acceleration. The justification of condition fulfillment seems possible by equipping wind turbines with aaditional modular elements.
An extensive design and research task is set, aimed at optimizing the use of wind potential, finding the peak of kinetic power selection, including the application of modern materials, thereby determining the maximum possible efficiency for these types of wind turbines.
Competitive conditions are being created for the developing unconventional energy in increasing requirements for energy return and cost, reliability and autonomy, safety and configuration optimization of electric energy sources.
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